INTRODUCTION

Employment as a social determinant of health
Employment is a well-known social determinant of health and wellbeing (Theorell 2000) . Employment that offers a decent living-wage, opportunities for professional development, a degree of flexibility, and work-life balance improves prospects for financial security, personal development, and social networks (Strategic Review of Health Inequalities in England post-2010 England post- 2010 , and hence protects health (Wilkinson and Marmot 2003) , as well as providing a sense of autonomy and control (Theorell 2000) . Conversely, being unemployed or working in lower-skilled occupations can negatively impact both physical and mental health (Theorell 2000) . For example, declines in physical functioning occur approximately 12 years earlier for those in lower-skilled jobs (versus higher-skilled), and a positive relationship exists between a person's employment grade and sense of control (Chandola et al. 2007 ).
Moreover, employment patterns tend to mirror the social gradient, whereby unemployment and temporary employment rates are highest in those with the least skills and qualifications, people with disabilities and mental illnesses, some ethnic minorities, carers and single parents, and older and younger workers; thus contributing to a cycle of entrapment (Strategic Review of Health Inequalities in England post-2010 2010).
Employment accessibility
Most of the employment and health literature has focused on the associations between different types of employment (including unemployment and underemployment) across a range of health and social outcomes (Roelfs et al. 2011; Strategic Review of Health Inequalities in England post-2010 Milner et al. 2014) . While important, such evidence does not consider the more upstream neighbourhood-level determinants that contribute to the location and accessibility of urban employment opportunities. The available evidence suggests that the location of employment may be important for health and wellbeing. For example, time spent commuting to work has been negatively associated with: walking (Brownson et al. 2005) ; community cohesion (Jackson 2003) ; time spent with family or volunteering (J. Wilson 2000) ; obesity risk (Frank et al. 2004) ; and stress levels (Van Rooy 2006). For those living in an urban context and seeking employment in a single occupation with a fixed location, having more transport opportunities available within a neighbourhood increases the range of job opportunities that can be accessed locally by walking or cycling, or readily by public transport. In turn, this can shorten the job search period (Korsu and Wenglenski 2010) and time spent commuting (Zhao et al. 2011) . Of the few studies that have examined physical access to employment under these conditions (i.e., urban setting, static location), the availability of automobiles (Dobbs 2005 ) and public transport (Sanchez 1999 ) is critical for accessing a distributed labour market, and therefore labour force participation, particularly in regions with a centralised labour force (Kjellstrom and Hinde 2006) . Department for Transport 2013); yet for some, car-reliant journeys often involve long commute times, increasing the risk of traffic injury (Weir et al. 2009 ) and contributing to congested roadways.
Longer commute journeys have also been associated with higher levels of employee anxiety (Van Rooy 2006) . In an effort to reduce vehicle miles travelled (of which employment is a significant contributor), researchers have compared job-housing and retail-housing balance (Cervero and Duncan 2006) ; concluding that having access to a job within a four mile radius was a more effective strategy for reducing overall vehicle distances travelled, compared with a higher level of local retail access.
Area-level employment
Another important upstream determinant of health and wellbeing is neighbourhood unemployment levels (known in Australia as local employment). Higher levels of local unemployment have been linked to increases in localised mortality rates in a range of countries (van Lenthe et al. 2005 (Milner et al. 2013 ).
Matching individual skills to area-level employment opportunities
The match between localised employment opportunities and local skillsets is also worthy of attention.
Internationally the trend suggests that higher-skilled workers tend to live closer to the inner city, and those with lower-skill levels live further out (Stoll 2005) . This patterning may largely occur because of housing affordability, whereby urban fringe developments are said to provide more 'affordable'
housing (Currie and Delbosc 2011) . This trend potentially also reflects job opportunities, where higher-skilled jobs tend to be located in vibrant inner city areas (Florida 2011 ) (thus providing more direct and better serviced public transport commutes for those who are likely to fill these roles), whereas the lower-skilled jobs are often more dispersed through suburbs and urban fringe areas.
Depending on the available transport infrastructure within these areas, there may be considerable commuting costs attached (Department of State Development 2013). Hence, those working in lowskilled employment located more peripherally may need to engage in longer commutes to access jobs; rely on private automobiles for the workplace commute, as existing public and active transport infrastructure may be insufficient; or relocate to areas with greater employment opportunities. These are costly alternatives for individuals that can widen inequities and remain unviable options for many disadvantaged people seeking employment.
Setting the context
Although this work has been conceptualised from an international perspective, it uses Australian data (Victoria) to build a case for demonstrating how a suite of urban employment measures could be developed and applied in future. Indeed, this papers forms part of a wider Victorian project seeking to measure 'liveability'. Liveability is a concept used in Australian urban planning policy ( An important note to the reader is that this research focuses on employment within the urban context and for occupations that are typically based at static locations. Thus this paper generalises to the most common types of occupations within the Australian population; these are likely to be higher-skilled workers employed (or seeking employment) in urban areas (Australian Bureau of Statistics 2012). Higher-skilled workers are defined as those with having at least an upper secondary school qualification (Chaloff 2008) , and in Australia this accounts for 85% of 25-34 year olds through to 58% of 55-64 year olds (Roberts 2012) . Approximately 80% of jobs in Australia require post-school qualifications (K. Wilson et al. 2011) , and 85% of Australia's jobs are located in urban settings (Australian Bureau of Statistics 2011a). Therefore, this paper is less generalizable to occupations that may be located outside of urban areas (e.g., manufacturing hubs located in periurban settings), or for those who travel to numerous locations as part of their occupation (e.g., tradespeople).
Aims of the research
Spatial data are rarely used to understand barriers and facilitators of accessing employment, so from a policy perspective it remains challenging to plan cities that provide equitable opportunities for urban job seekers. This paper fills this void by: 1) identifying urban planning and neighbourhood spatial attributes that facilitate access to employment; 2) conceptualising how neighbourhood attributes that facilitate accessible urban employment may be related to health and wellbeing behaviours and outcomes; and 3) isolating potentially important neighbourhood-level spatial measures that policy-makers and planners could use to assess urban employment accessibility. Three different methods were used to address the aims of this paper: 1) a review of planning and policy documents to identify urban employment accessibility guidelines or requirements; 2) a review of scientific literature to identify urban employment measures used elsewhere; and 3) an academic assessment of the 'usefulness' of the identified measures from a spatial perspective.
METHOD
Conceptual framework development
For each liveability domain we developed a conceptual framework hypothesising the relationship between neighbourhood attributes and health and wellbeing. The conceptual frameworks were developed through a social determinants of health lens. For this study, more upstream (e.g., neighbourhood attributes) and more downstream (e.g., behaviours, intermediate outcomes)
determinants of urban employment were identified in relation to long-term outcomes of interest 
Rationale for selection of measures and scales
There were two overarching considerations for selecting the neighbourhood-level measures of urban employment. First, the measures identified needed to be spatially attributable (i.e., the unit of measurement had to be within a spatially defined boundary). Spatially defined boundaries facilitate contrast and comparison of diverse neighbourhoods or regions to understand what types of infrastructure are available within a defined areal unit. Second, the measures had to be conceptualised at a fine-grained scale. Finer-grained data (i.e., smaller areal unit data) are generally regarded as more appropriate for studying neighbourhood effects in an urban context. Not only can they be aggregated to larger regional administrative units if required (Kwan 2012) , but also provide the flexibility for identifying localised pockets of employment-related disadvantage. Indeed, it has been shown that in many instances the local neighbourhood context appears a better predictor of an individual's behaviour, rather than regional-or city-level attributes (Learnihan et al. 2011 ). Indeed, the SA3 level (an area conceptualised as a suburb with between 30,000 and 130,000 residents) was considered to be an appropriate size for which local employment opportunities could be anticipated in an urban setting, and also reflects a commute distance readily accessible by active travel or public transport (HM Badland et al. 2007 ).
Selecting the spatial measures
The lead author conducted a literature search of Victorian (state) and selected Australian (national) urban policy and planning documents related to potential spatial attributes of employment. Spatial measures of employment used previously in adult public health and urban design research were also reviewed. All measures identified were included at this stage. The co-authors then reviewed these measures in relation to the following criteria:
1) Does the spatial measure fit within the proposed conceptual framework?
2) Are spatial data readily available to create a measure that can be replicated over time in an urban context?
3) Does the proposed measure align with state or national urban planning policies?
Each identified urban planning and research measure was reviewed against these criteria. A list of relevant spatial datasets was compiled for the measures that fulfilled these criteria. When measures were identified as being important based on the conceptual framework but were not located through the literature review, the authors created fit-for-purpose measures based on the current academic evidence.
RESULTS
In this proposed conceptual framework the upstream determinants of access to urban employment (towards the left side of Figure 1) focus on neighbourhood-level measures; existing urban policies and planning measures informed these. Based on the evidence, the three main neighbourhood attributes that influence urban employment are: access to employment, including the distance to, and density and types of different jobs; local employment; and neighbourhood employment level. As the framework moves downstream to the right, the measures become more behavioural, impacting intermediary outcomes, and conclude with long-term implications, including health and wellbeing outcomes.
To provide an operational example using our proposed conceptual framework, those whose skills match the local urban employment opportunities (a neighbourhood attribute) tend to have greater employment opportunities available to them. Therefore, they are more likely to gain employment, which provides financial security and reduces time spent commuting, which in turn provides positive mental and physical health benefits and positively impacts sense of control (longterm outcomes). Accordingly, this conceptual framework could be used to inform planners and decision-makers of how their urban planning decisions impact the health and wellbeing of residents.
Insert Figure 1 about here
Applying our pre-determined rationale and criteria to the conceptual framework resulted in six potential neighbourhood spatial measures of employment that were relevant to the Victorian urban region. These were classified into measures of: access to employment (n = 4), local employment (n = 1), and neighbourhood employment level (n = 1) ( Table 1) . Commute mode measures for accessing employment were the most well developed spatial measures. We found no urban planning policies in relation to informing appropriate work-home commute distances.
Insert Table 1 Table 1 rely on routinely collected administrative datasets in Australia (i.e., census data); therefore they can be replicated over time and applied to urban settings across Australia. 
Insert
Potential applications of the conceptual framework and spatial measures
The identification of employment-related neighbourhood spatial measures is important for three reasons. First, policy makers and planners can apply these measures to understand how different urban regions or areas support or hinder access to employment opportunities. This is important from an equity perspective. Second, the conceptual framework can be applied to examine the likely impact of different urban, economic, transport and social policies on access to employment opportunities, which can help identify and mitigate any unintended consequences prior to implementation. Last, and perhaps most importantly, these spatial measures can be used to monitor urban and social planning policies over time to understand their health and wellbeing impact on the location of the labour force, job seekers, and residents. For these reasons, the utilisation of spatial measures is beginning to generate considerable interest in the built environment and health literature and in policy (State Government Victoria 2014) . Not only are the proposed spatial measures generally straightforward to calculate and apply, their objectivity and capacity to compare various urban settings simultaneously is important for identifying where inequities lie and opportunities for intervention (H Badland et al. 2014b ).
The intention is to apply the majority of these measures at the SA1 level, and therefore detect localised areas of advantage or disadvantage that may exist within a neighbourhood. Such information can be used to inform interventions seeking to improve access to employment or monitor localised urban employment levels. However, it is unlikely that the majority of people across cities live and work within the same neighbourhood (Department of State Development 2013). For this reason the skill match of residents to 'local' workforce opportunities will be operationalised at the SA3 level within the Australian context. However, we acknowledge the SA3 is an administrative boundary that likely has little impact on travelling patterns (Lyseen et al. 2014) ; it may be that those who live closer to a SA3 perimeter have greater potential to access employment opportunities located in a contiguous SA3.
Distribution of the labour market
Importantly the majority of the measures we identified were based on physical access to employment, such as commute mode and distance. These measures are in part proxies for the distribution of the labour market. Researchers (Kjellstrom and Hinde 2006; Zhao et al. 2011 ) have argued for a more decentralised labour force across a given region, whereby jobs are dispersed across the region, rather than centrally located. This is also reflected locally in Victorian urban planning policies, whereby a series of 'activity centres' are planned to be strategically distributed throughout the region to provide greater opportunities for local employment, services, and socialisation (State Government Victoria 2014). Generally creating agglomerated activity centres serves to: reduce traffic congestion as vehicles are more evenly distributed across the road network (Cervero and Duncan 2006) ; increase the number and diversity of local employment opportunities available (Kjellstrom and Hinde 2006) ; and make active travel and public transport viable and appealing options, due to reduced commute distances, more local destinations available, and increased availability of public transport infrastructure (H Badland et al. 2014a) . Indeed, one of our recent studies demonstrated that, compared with those who had no access to public transport infrastructure, those who had public transport infrastructure located close to both their residence and primary workplace, were 16 times more likely to commute to work by bus or train (H Badland et al. 2014a ).
Limitations
This work has some limitations. First, our upstream measures focussed only on the location of a single employment location (deemed to be the primary location); yet many people work in multiple locations (e.g., tradespeople) or engage in several jobs located at different sites. In Australia, 92% of employees work in one job (Milner et al. under review) ; however we were unable to source metrics regarding the prevalence of people who work in multiple locations as part of a single job. We have been unable to source metrics that identify the prevalence of these in the Australian context. It is likely that working across multiple locations generates additional commuting time that can disproportionally impact on aspects of the conceptual framework, and indeed, these types of employment may not be appropriate to access using walking, cycling, or public transport. Second, income and education access variables were not included in the final conceptual framework.
Although both are related to employment opportunities, they are confounded with both the exposure and outcome variables (Mackinnon et al. 2000) . Third, we recognise this conceptual framework does not necessarily capture all the nuances of employment and the implications diverse employment has on health and wellbeing outcomes. As such, we recommend caution when applying this framework if the intention is to focus on certain employment groups (e.g., migrant workers, shift workers, those working in multiple locations) or peri-urban / rural settings, as the behavioural and intermediate outcomes may have a disproportionate impact on health and wellbeing outcomes for these people when compared with the more upstream neighbourhood determinants. Nevertheless, this framework hypothesises a series of employment measures that can initially be tested and refined over time, with the aim of enhancing and informing urban planning policies.
Next stages
The next stages will involve sourcing appropriate spatial data for each of these proposed measures.
As noted earlier, these proposed measures were designed to use routine data sources, including, where available, national census data. The benefits of using such data mean that they are representative, are updated regularly and are available nationally, which add utility to the measures allowing comparison within and between cities. Once created, we will apply these measures at the nominated scales within metropolitan and large regional centres (in this case, Victoria Australia), and validate the spatial measures by linking them with existing population health and social survey data.
Exploring these associations will allow us to further understand how planning and policy decisions impact on health and wellbeing through the employment pathway. 
